A large amount of valuable knowledge is hidden in the vast biomedical literatures, publications, and online contents. In order to identify the previously unknown biomedical knowledge from these resources, we propose a new method of knowledge discovery based on SPO predications, which constructs a three-level SPO-semantic relation network in the considered area. We carry out the experiments in the area of induced pluripotent stem cells, and the experimental results indicate that our proposed method can significantly discover the potential biomedical knowledge in this area, and the performance analysis of this method sheds lights on the ways to further improvements.
Introduction
Knowledge Discovery in Text (KDT) is the process of identifying and extracting the new, useful, potential and understandable patterns from the literatures in a credible way. With the rapid growth of biomedical literatures, Knowledge Discovery in Biomedical Literature (KDiBL) has become an important research area [8] .
Information extraction plays an important part in KDT, which automatically extracts the specific terms, the corresponding characteristics and the semantic relations among them from the texts as the basic knowledge unit of knowledge discovery. Subject-Predication-Object (SPO) represents the semantic relationships among the knowledge units, which is widely used in the fields of knowledge organization, semantic network, knowledge discovery, and so on [3] .
In this paper, we propose a new method of knowledge discovery based on SPO predications, which constructs a three-level SPO-based semantic relation network in the considered area. Then, we realize the community detection for the SPO-semantic relation network, so as to find the hidden valuable knowledge. The experimental results indicate that the proposed method can effectively discover the unknown biomedical knowledge. The performance analysis explains the behavior of our proposed method and sheds lights on the ways to further improvements.
The remaining part of this paper is organized as follows. In the next section, we briefly review the previous works related to the biomedical knowledge discovery. In Sect. 3, we investigate a new method of constructing three-level SPObased semantic relation network to discover the potential unknown knowledge. Section 4 provides the experimental results and the performance analysis of the proposed method in the area of induced pluripotent stem cells. The conclusions are presented in the last section.
Literature Reviews
In this section, we present the literature reviews concentrating on the biomedical knowledge discovery.
In [1] , with techniques from systems medicine, natural language processing, and graph theory, the authors created a molecular interaction network, which represents neural injury and is composed of relationships automatically extracted from the literature, in order to support the diagnosis of mild traumatic brain injury. Actually, they retrieved the citations related to neurological injury and extract the semantic predications that contain potential biomarkers. The experimental results on 99,437 relevant citations and 26,441 unique relations indicated a set of 17 potential biomarkers, which provides an opportunity to obtain more effective diagnosis than the current methods.
In [5] , the authors investigated the use of deep learning methods, which have shown significant promise in identifying hidden patterns from large corpus of text in an unsupervised manner, in order to discover the hidden, interesting or previously unknown biomedical knowledge from free text resources. They used the text corpus from MRDEF file in the Unified Medical Language System (UMLS) dataset as training set to discover potential relationships. Taking a manual evaluation from a sample of the non-overlapping set, their proposed algorithm founded 32% of new relationships not originally represented in the UMLS, which provides provide a promising approach in discovering potential new biomedical knowledge from free text.
In [7] , according to some semi-supervised learning methods named Positive-Unlabeled Learning (PU-Learning), the authors proposed a novel method to predict the disease candidate genes from human genome, which ia an important part of nowadays biomedical research. Since the diseases with the same phenotype have the similar biological characteristics and genes associated with these same diseases tend to share common functional properties, the proposed method detects the disease candidate genes through gene expression profiles by learning hidden Markov models. The experiments are carried out on a mixed part of 398 disease genes from three disease types and 12001 unlabeled genes, and the results indicate a significant improvement in comparison with the other methods in literature.
In [9] , the authors presented a set of knowledge discovery framework to identify the unknown knowledge from the biomedical literatures based on subjectpredication-object predications. Actually, they extracted the SPO predications from the biomedical literature by using UMLS corpus and SemRep. Then, they constructed the corresponding semantic network diagrams with NetMiner [10] , which is applied to the field of induced pluripotent stem cells. The experimental results showed that can effectively reveal the knowledge content from the biomedical literatures.
In [11] , the authors proposed a novel Sequence-based Fusion Method (SFM) is proposed to identify disease genes from human genome, which is of great importance to improve diagnosis and treatment of disease. In this method, the amino acid sequence of the proteins has been carried out to present the genes into four different feature vectors, instead of using a noisy and incomplete priorknowledge. Then, the intersection set of four negative sets generated by distance approach is used to select more likely negative data from candidate genes, and the decision tree has been applied as a fusion method to combine the results of four independent state-of the-art predictors based on support vector machine (SVM) algorithm for the final decision. The experimental results confirm the efficiency and validity of the proposed method.
In [12] , the authors proposed a method based on degree centrality that measures connectedness in a graph, in order to automatically summarize the semantic predications representing assertions in MEDLINE citations in the large graph with more than 500 citations. The experiment was carried out on the four categories of clinical concepts related to treatment of disease, the results showed that their proposed method are very competitive, in comparison with the reference standard produced manually by two physicians.
In [13] , the authors presented a hybrid model for the extraction of biomedical relations that combines Recurrent Neural Networks (RNNs) and Convolutional Neural Networks (CNNs), in order to extract high-quality biomedical relations from biomedical texts. In this model, RNNs and CNNs are employed to automatically learn the features from the sentence sequence and the dependency sequences to generate the shortest dependency path for the biomedical relation extraction. The experiments are carried out on five public (protein-protein interaction) PPI corpora and a (drug-drug interaction) DDI corpus, and the experimental results indicate the proposed model can effectively boost biomedical relation extraction performance.
Methodology
In our work, we propose a new method of knowledge discovery based on SPO predications, which constructs a three-level SPO-based semantic relation network in a certain area. First, we present an introduction to the SPO-based semantic relation network. Then, we construct a three-level graph, which is different from the graph generated by the NetMiner. Afterwards, we investigate the method of detecting the community in the three-level graph.
Network Construction
Generally, we construct the SPO-based semantic relation network, according to four basic principles proposed by M. Fiszman et al., which are relevancy, connectivity, novelty and saliency, more information about these principles can be found in [2] . Two examples of directed semantic networks of induced pluripotent stem cells are respectively illustrated in Figs. 1 and 2 , which are both depicted by NetMiner. In these two figures, the node in the network represents the semantic concepts, and the corresponding color represents the type of semantic concept. In addition, the edge represents the semantic relationship with the direction from the subject to the object, the color and the width of the line represent the semantic type and the frequency of semantic description respectively. In Fig. 1 , the Induced Pluripotent Stem Sells (IPSC) is the subject, the other nodes are the objects. Whereas, in Fig. 2 , the Induced Pluripotent Stem Sells (IPSC) is the object, the other nodes are the subjects. Actually, these two figures present the semantic relation between the IPSC and the other nodes from two different angles.
However, we can only obtain the local semantic relation between one subject and the other objects (or between one object and the other subjects) in Both Figs. 1 and 2. In fact, it is very difficult to illustrate the global semantic relation between different subjects and different objects in one figure with NetMiner, which is the disadvantage of discovering the hidden biomedical knowledge. Then, it is essential that we construct the global semantic relation network for knowledge discovery.
An example of global SPO-based semantic relation network is illustrated in Fig. 3 , which is composed of thousands of nodes and edges. In this figure, the grey node denotes the subject, the orange node denotes the object, and the green node denotes the semantic relation. Actually, many nodes can be both the subjects and the objects, which makes the whole network very complicated. That's to say, it is very difficult for the experts to recognize the valuable biomedical knowledge from the network. 
Community Detection
In order to clearly recognize the valuable biomedical knowledge from global SPO-based semantic relation network, it is essential to detect the community structure, which is the intrinsic properties of networks. In our work, we take the widely accepted modularity function proposed by Newman and Girvan, which is defined as follows [6] :
Suppose the vertices are divided into the communities such that vertex v belongs to community C denoted by C v . In Formula 1, A is the adjacency matrix of graph G. A vw = 1 if one node v is connected to another node w, otherwise A vw = 0. The δ function δ(i, j) is equal to 1 if i = j and 0 otherwise. The degree k v of a vertex v is defined to be k v = v A wv , and the number of edges in the graph is m = wv A wv /2.
In addition, the modularity function can be represented in a simple way, which is formulated below [6] :
where i runs over all communities in graph, e ij and a 2 i are respectively defined as follows [6] :
which is the fraction of edges that join vertices in community i to vertices in community j, and
which is the fraction of the ends of edges that are attached to vertices in community i. Then, we employ the local search procedure to effectively detect the community structure, which is presented in the Algorithm 1 [4] .
Algorithm 1. Community Detection Algorithm
1: Input: network adjacency matrix A 2: Output: the best value of the modularity function 3: P = {x 1 , . . . , x p } ← Random Initialization (P ) 4: repeat 5:
x i ← Local Search (x i ) 6: until a stop criterion is met
In this algorithm, we randomly divide the whole network into two communities, and each smaller community is further divided into two smaller communities. Let C i and C j be two communities, w be a vertex from C i or C j , we assume that w ∈ C i and the corresponding change by moving vertex w from C i to C j can be computed as follows [4] :
where k i w and k j w are respectively the number of edges connecting vertex w and the other vertices in communities C i and C j . While, for any vertex v in community C i , we can also obtain the updated ΔQ value ΔQ (v, C i , C j ) with the formula below [4] :
With the incremental value of the modularity function in Formulas 5 and 6, the local search procedure can chooses the best move at each step until the modularity does not improve any more. Then, we obtain the communities of the considered network.
Case Study
Induced pluripotent stem cells technology is one of the most important emerging frontier technologies in the biomedical field, which can nurture new stem cells with similar differentiation potential as embryonic stem cells by reprogramming the mature cells [9] . Then, it is of great significance to realize the knowledge discovery in the SPO-based semantic network. In this section, we apply our proposed method in the area of IPSC and present the experimental results with performance analysis.
Data Information
In order to carry out the experiments, we obtain the data from the PubMed Database by inputting the key words "Regenerative Medicine" from 2000 to 2014. Then, we select the literatures retrieved by the Semantic Medline Database, the type of literature is "Journal Article". The exact data information is presented in Table 1 . Table 1 . The information of SPO-based semantic relation network.
SPO

Number of subjects 2055
Number of objects 1821
Number of actions 45
In this table, we have retrieved 10,687 papers and obtained 65,042 SPO-based semantic relations, which consists of 2055 subjects, 1821 objects and 45 actions. With these information, we can construct a three-level SPO-based semantic relation network. 
Experimental Results
In this subsection, we present the experimental results in the area of IPSC, which are classified into different communities according to the corresponding actions. The global SPO-based semantic relation network of IPSC is illustrated in Fig. 4 below.
In this figure, the upper level and the lower level respectively represents the subjects and the objects, which are linked by the edges with different colors. The middle level represents the actions, in which the frequency is proportional to the size of the circle.
Furthermore, different communities are represented in different colors, which are composed of the subjects, the objects and the corresponding actions. For example, there is a community colored in green with the action "LOCA-TION OF" in Fig. 4 . The computational results are summarized in Table 2 . In this table, we do not present all the found communities in the network but to provide parts of three different communities, which are colored in green (located in the center of Fig. 4 ), in pink (located in the center of Fig. 4 ) and in red (located on the left of Fig. 4) .
Moreover, the subjects and the objects of the community in pink are linked by the action "PART OF", which is the highest frequency among all the actions. From Fig. 4 , we can clearly recognize the different communities, which is very helpful to realize the biomedical knowledge discovery.
Conclusions
In this paper, we have investigated a new method of constructing the three-level SPO-based semantic relation network for biomedical knowledge discovery. To achieve this goal, we have carried out the experiments in the area of induced pluripotent stem cells. The experimental results indicate that our proposed method can significantly discover the potential unknown biomedical knowledge in the considered area.
